Introduction
Root resorption, a complication of Dentistry, may occur after dental trauma, surgical procedure, orthodontic treatment, or bleaching. 1 A large area of damaged root surface and continual resorption process may result in the loss of teeth. As resorption is mediated by osteoclasts/odontoclasts, reducing osteoclastic activity is a key to inhibit the progression of root resorption. Several studies have reported a method to suppress the progression of root resorption. In cases of avulsion, or surgical procedure of intentional replantation, the application of fluoride, dexamethasone, or other solutions is recommended.
2,3
Osteoclasts (OCLs) are multinucleated giant cells resulted from a hematopoietic monocyte or macrophage lineage. 4 Odontoclasts are multinucleated giant cells involved in the resorption of hard dental structures and are similar to OCLs regarding cellular origins, characteristics, and function including the dissolution of mineralized hard tissues. 5, 6 In this respect, anti-resorptive drugs have been used for patients with osteoporosis, e.g. bisphosphonate was used to inhibit root resorption. 7, 8 Bisphosphonates are a family of popular anti-resorptive agents.
A family member, alendronate (ALD), exhibited increased anti-resorptive capacity upon the addition of nitrogen into the side chain. 9 In addition to ALD, nitrogen-containing bisphosphonates also include zolendronate, risedronate, ibandronate, and others. 10 Local treatment with ALD has been shown to prevent root resorption by inhibiting macrophages.
11,9
Calcium silicate-containing cements (CSCs) are widely applied in endodontic treatments, not only as a retrograde filling material, but also for pulp capping material, apexification, and re-vascularization procedures. 
17,16
This investigation aimed to assess the differentiation effects of ProRoot MTA ® (PMTA) and BIOD on OCLs originated from murine bone marrow macrophages (BMMs), and compare these effects with those of ALD.
As few researches have examined the anti-resorptive activity of BIOD, the results of this study may support the application of CSCs as a choice of treatment to prevent root resorption.
Material and methods

Agent preparation
The two CSCs used in this investigation, BIOD total signal − background signal = original signal;
original signal ÷ control signal = viability.
Tartrate-resistant acid phosphatase (TRAP) staining
BMMs were seeded in 96-well plates at a density of 
Resorption pit formation assay
BMMs were seeded in 96-well plates previously equipped with dentin slices at a density of 1x10 
RNA isolation and quantitative real-time PCR (qRT-PCR)
After a 24-h treatment with or without each agent, total RNA was extracted from cultured cells using a 
Genes
Primer sequences
F, forward; R, reverse; TRAP, tartrate resistant acid phosphatase; CTSK, cathepsin K; GAPDH, glyceraldehyde-3-phosphate dehydrogenase 
Statistical analysis
All data were derived from triplicates in each of the three independent experiments. Data are presented as mean±standard deviation (SD). Data were statistically analyzed using one-way analysis of variance followed by Tukey's post-hoc test. Statistical significance between groups was set at 5% (P<0.05).
Results
Cytotoxicity assay
Viability of OCLs after exposure to agents for 48 and 72 h was assessed. WST assays showed the cytotoxicity of agents did not affect cell viability 
Resorption pit assay
To determine whether CSC treatment affected the activity of OCLs, the resorption area was examined.
After 3 days incubation on the dentin disc, mature
OCLs showed stained pits with purple color (Figure 5 ).
CSCs and ALD inhibited the function of mature OCLs, as indicated by fewer pits on the discs. In OCLs, the enzyme, TRAP, which is specifically expressed, can be used as a marker to detect activated 
